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Resumen
(Q HO ODERUDWRULR GH RSWRHOHFWUyQLFD DGVFULWR
D OD 8QLYHUVLGDG GHO 4XLQGtR VH HQFXHQWUD
LPSOHPHQWDGDODWpFQLFD(SLWD[LDHQIDVHOtTXLGD
XWLOL]DGDSDUDHODERUDUSHOtFXODVVHPLFRQGXFWRUDV
GH *D,Q$V6E OD FXDO JHQHUD HQ SURPHGLR XQ
GHVHFKR GH  PJ FRQVWLWXLGR HQ PD\RU
SURSRUFLyQ SRU JDOLR LQGLR \ DQWLPRQLR
TXH SXHGHQ VHU UHFXSHUDGRV SRU SURFHVRV
HOHFWURTXtPLFRV(OSURSyVLWRGHHVWHHVWXGLR IXH
UHFLFODU \ FULVWDOL]DU HVWRV PHWDOHV SXURV D EDMR
FRVWR FRQ FHURSURGXFWRVGHGHVHFKRVPHWiOLFRV
HQ OD IDEULFDFLyQ GH SHOtFXODV VHPLFRQGXFWRUDV
/RV HVWXGLRV VH OOHYDURQ D FDER HQ XQ UHDFWRU
HOHFWURTXtPLFR GH FRPSDUWLPHQWRV VHSDUDGRV
LQ\HFWDQGR XQD VROXFLyQ WUD]DGRUD GH 1D&O HQ
HO FRPSDUWLPHQWR FDWyGLFR GHWHUPLQiQGRVH OD
FRQGXFWLYLGDGDODHQWUDGD\DODVDOLGDGHOUHDFWRU
\ GHVFULELHQGR FRQ HOOR XQ PRGHOR PDWHPiWLFR
GHO FRPSRUWDPLHQWR KLGURGLQiPLFR PHGLDQWH OD
Abstract
,Q WKH RSWRHOHFWURQLFV ODERUDWRU\ DI¿OLDWHG WR WKH
8QLYHUVLW\ RI 4XLQGLR LW KDV EHHQ LPSOHPHQWHG
WKH /LTXLG 3KDVH (SLWD[\ 7HFKQLTXH XVHG WR
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I. INTRODUCCIÓN
El semiconductor Ga[,Qx$Vy6E\ WLHQH DPSOLDVDSOLFDFLRQHVHQODLQGXVWULDGHODRSWRHOHFWUyQLFD
SDUDODIDEULFDFLyQGHGLVSRVLWLYRVFRQUHVSXHVWDHQ
HOLQIUDUURMR>@SRUVHUXQPDWHULDOFXDWHUQDULR
HV SRVLEOH YDULDU LQGHSHQGLHQWHPHQWH \ HQ XQ
DPSOLRUDQJR ORVYDORUHVGH ODEUHFKDGHHQHUJtD
\GHOSDUiPHWURGH UHG ORTXHSHUPLWHXVDUSDUD
VX IDEULFDFLyQ VXVWUDWRV GH GLIHUHQWHVPDWHULDOHV
SUHVHQWDQGR JUDQ DFRSOH GH UHG >@ (O UDQJR GH
emisión del Ga[,Qx$Vy6E\ IDEULFDGR VREUHVXVWUDWRV GH*D6E FRQ FRLQFLGHQFLD GH UHG HVWi
HQWUH\H9>@ORTXHORKDFHLQWHUHVDQWH
SDUD DSOLFDFLRQHV HQ FRPXQLFDFLRQHV \D TXH
ODV ¿EUDV ySWLFDV GRSDGDV FRQ À~RU SUHVHQWDQ
PX\ EDMD DWHQXDFLyQ HQ HO LQIUDUURMR FHUFDQR
>@ DGHPiV VH HPSOHD HQ OD IDEULFDFLyQ GH
GHWHFWRUHVGHFRQWDPLQDQWHVDWPRVIpULFRVGLRGRV
/('\OiVHUHVGHLQIUDUURMRSDUDDSOLFDFLRQHVHQ
FRPXQLFDFLRQHV ySWLFDV FRQ EDMDV SpUGLGDV GH
WUDQVPLVLyQ>@\WDPELpQSDUDODFRQVWUXFFLyQ
GHFHOGDVWHUPRIRWRYROWDLFDV>@
/DV SHOtFXODV VHPLFRQGXFWRUDV GH *D,Q$V6E
SXHGHQVHUIDEULFDGDVPHGLDQWHGLYHUVDVWpFQLFDV
WDOHV FRPR HSLWD[LD SRU KDFHV PROHFXODUHV
0ROHFXODU%HDP(SLWD[\0%(HSLWD[LDHQIDVH
GHYDSRUSRUJDVHVPHWDORUJiQLFRV0HWDORUJDQLF
9DSRXU3KDVH(SLWD[\2093(\HSLWD[LDHQIDVH
OtTXLGD /LTXLG 3KDVH (SLWD[\(3/ HQWUH RWUDV
/D(3/ HV XWLOL]DGD HQ OD LQGXVWULD SDUD IDEULFDU
GLVSRVLWLYRV HQ PDVD GDGR TXH RIUHFH OD PHMRU
UHODFLyQ HQWUH FDOLGDG FULVWDOLQD GH OD SHOtFXOD
IDEULFDGD\SUHFLRGHIDEULFDFLyQ>@(OWpUPLQR
GHHSLWD[LDVHGH¿QHFRPRODGHSRVLFLyQGHXQDFDSD
PRQRFULVWDOLQD VREUH XQ VXVWUDWRPRQRFULVWDOLQR
GH WDO PRGR TXH OD HVWUXFWXUD FULVWDOLQD GH OD
SHOtFXODVHDXQDFRQWLQXDFLyQGHODHVWUXFWXUDGHO
VXVWUDWR >@ (VWD WpFQLFD XWLOL]D SDUD HODERUDU
SHOtFXODV VHPLFRQGXFWRUDV VROXFLRQHV OtTXLGDV
VREUHVDWXUDGDVDDOWDVWHPSHUDWXUDVDODVTXHFRQ
XQFRQWURO HQ OD FRPSRVLFLyQHVWHTXLRPpWULFDGH
HVWHFXDWHUQDULRHVSRVLEOH¿MDUSDUiPHWURVFRPR
ODEUHFKDGHHQHUJtDSURKLELGDE
0
\HOSDUiPHWURGH
red aGHDFXHUGRFRQHOGLVSRVLWLYRTXHVHTXLHUH
GHVDUUROODUVLQHPEDUJRHQODIDEULFDFLyQGHHVWRV
VHPLFRQGXFWRUHV ,,,9 VH JHQHUDQ JUDQ FDQWLGDG
GH UHVLGXRV TXH UHTXLHUHQ VHU UHFXSHUDGRV
XVDQGR SURFHVRV GH UHFLFODMH IUHFXHQWHV FRPR
OD GLVROXFLyQ WpUPLFD OD R[LGDFLyQ FRQ R[tJHQR
la nitruración con atmósfera de amoniaco y 
OD FORUDFLyQ FRQ JDV FORUR >@ QR REVWDQWH
H[LVWHQPpWRGRVHOHFWURTXtPLFRVTXHSHUPLWHQ OD
UHFXSHUDFLyQGHJDOLRLQGLR\DQWLPRQLRHQFHOGDV
FRQYHQFLRQDOHVSRUHOHFWURGHSRVLFLyQ>@(Q
JHQHUDO ODV FHOGDV HOHFWURTXtPLFDV KDQ MXJDGR
SDSHO LPSRUWDQWH HQ HO DYDQFH WHFQROyJLFR FRQ
UHDFWRUHVFRPRHOGHSODFDVSDUDOHODVWLSR¿OWUR
SUHQVD TXH HV HO PiV FRP~QPHQWH XVDGR HQ
DSOLFDFLRQHVDQLYHOGHODERUDWRULR\SODQWDSLORWR
3RU VX SDUWH ODV FHOGDV WLSR ¿OWURSUHQVD WLHQHQ
DSOLFDFLyQ SULQFLSDOPHQWH HQ VtQWHVLV RUJiQLFD H
LQRUJiQLFDFHOGDVGHFRPEXVWLEOHEDWHUtDVUHGR[
\ HQ ORV SURFHVRV GH WUDWDPLHQWR GH HÀXHQWHV
>@ (Q OD OLWHUDWXUD VH HQFXHQWUDQ WUDEDMRV FRQ
XQ JUDQ Q~PHUR GH UHDFWRUHV HOHFWURTXtPLFRV
SDUD GLYHUVRV SURFHVRV >@ VLQ HPEDUJR QR
H[LVWHXQDDSOLFDFLyQGLUHFWDSDUDODUHFXSHUDFLyQ
de desechos de materiales semiconductores de 
*D,Q$V6E IDEULFDGRV SRU OD WpFQLFD GH HSLWD[LD
HQIDVHOtTXLGDPHQRVD~QPHGLDQWHODXWLOL]DFLyQ
GH UHDFWRUHV HOHFWURTXtPLFRV GH FRPSDUWLPHQWRV
VHSDUDGRV SUHVHQWHV HQ OD DOHDFLyQ UHVXOWDQWH GH
SHOtFXODVFUHFLGDVHSLWD[LDOPHQWH>@
(QHVWHHVWXGLRVHSURSXVRHOGLVHxR\GHVDUUROOR
H[SHULPHQWDOGHXQDFHOGDGHHOHFWURUUHFXSHUDFLyQ
GH JDOLR LQGLR \ DQWLPRQLR EDVDGD HQ XQ
UHDFWRU HOHFWURTXtPLFR GH GRV FRPSDUWLPHQWRV
GHWHUPLQDQGRHOFRPSRUWDPLHQWRKLGURGLQiPLFR\
VXIXQFLRQDPLHQWR
II. DETALLES EXPERIMENTALES
A. Diseño de la celda
(O UHDFWRU HOHFWURTXtPLFR GLVHxDGR FRQVWD GH
GRV FRPSDUWLPHQWRV FRQVWUXLGRV HQ YLGULR FRQ
XQD FDSDFLGDG GH  P/ ORV FRPSDUWLPLHQWRV
IXHURQ WXERV GH  PP GH GLiPHWUR SRU 
FP GH DOWXUD FRQ ÀDQFKHV FHQWUDOHV IRQGR
UHGRQGR GHVSUHQGLPLHQWR LQIHULRU FRQ ROLYDV \
GHVSUHQGLPLHQWR VXSHULRU L]TXLHUGR GH GLiPHWUR
LQWHUQRFPSDUD ODDOLPHQWDFLyQGH OD VROXFLyQ
WUD]DGRUDFRQDEUD]DGHUDHQSROLFORUXURGHYLQLOR
39& /RV FRPSDUWLPLHQWRV FDWyGLFR \ DQyGLFR
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HVWiQ VHSDUDGRV SRUPHPEUDQD1D¿RQ  SDUD
HYLWDUPH]FODGH ORVSURGXFWRVGH UHDFFLyQHQHO
FiWRGR \ HO iQRGR FRQ PLJUDFLyQ VHOHFWLYD GHO
FDWLyQSRUGHSRVLWDU/DFHOGDGHHOHFWURGHSRVLFLyQ
VH UHSUHVHQWD HQ OD )LJ  /DV YHQWDMDV GH HVWH
reactor son la facilidad de funcionamiento y el 
EDMRFRVWRGHORVPDWHULDOHVXWLOL]DGRV
Fig. 1. 5HDFWRUGHHOHFWURGHSRVLFLyQSDUDOD
UHFXSHUDFLyQGH*D,Q\6E
B. Electrodos
(OFiWRGRHVXQDEDUUDFLOtQGULFDGHJUD¿WRGHFP
GHODUJRFRQFPGHGLiPHWUR\HOiQRGRGH3E
6QWUDWDGRSUHYLDPHQWHFRQXQDVROXFLyQGH
H620GXUDQWHGRVGtDVFRQHO¿QGHREWHQHUXQDSHOtFXODGHy[LGRGHSORPRIXQGDPHQWDOPHQWH
3E2 VREUH ODVXSHU¿FLHGHOHOHFWURGR ODFXDOHVEXHQDFRQGXFWRUDGHODFRUULHQWHHOpFWULFD\SURWHJH
DO HOHFWURGR GH OD FRUURVLyQ /D JHRPHWUtD GHO
iQRGRHVF~ELFDFRQFPGHODUJRFPGHDQFKR
\FPGHHVSHVRU/RVHOHFWURGRVVHFRQHFWDQD
XQD IXHQWHGHDOLPHQWDFLyQSDUDRSHUDU HQPRGR
SRWHQFLRVWiWLFR R HQ PRGR JDOYDQRVWiWLFR (O
FRPSDUWLPHQWRDQyGLFR\HOFDWyGLFRVHHQFXHQWUDQ
GLYLGLGRV SRU XQD PHPEUDQD SROLPpULFD 1D¿RQ
$GLFLRQDOPHQWHORVGRVWDQTXHVHVWiQXQLGRV
DXQVLVWHPDGHUHFLUFXODFLyQSRUJUDYHGDGGHVGHHO
FRPSDUWLPHQWRFDWyGLFRDODQyGLFRSDUDHIHFWXDU
XQPi[LPRDJRWDPLHQWRGHORVFDWLRQHVGHLQWHUpV
HQODVROXFLyQHOHFWUROtWLFD
C. Electrolitos
/DV VROXFLRQHV HOHFWUROtWLFDV XWLOL]DGDV HQ HVWH
HVWXGLRIXHURQHQHOFRPSDUWLPHQWRGHUHGXFFLyQ
 P/ GH iFLGR VXOI~ULFR  3$
VXPLQLVWUDGRSRUODFDVDFLHQWt¿FD0HUN&RORPELD
\HQHOFRPSDUWLPHQWRDQyGLFRODDOHDFLyQ*D,Q
\6EUHVLGXRGHOSURFHVRHSLWD[LDOHQP/GH
iFLGRVXOI~ULFR3$
3DUD GHWHUPLQDU OD GLVWULEXFLyQ GH WLHPSRV GH
UHVLGHQFLD'75VHXWLOL]yXQDVROXFLyQWUD]DGRUD
GH FORUXUR GH VRGLR 1D&O  0 >@
DGLFLRQDGDHQHOFRPSDUWLPHQWRDQyGLFRHQIRUPD
GHLPSXOVRVPHGLDQWHXQDMHULQJD\PLGLpQGRVHOD
HYROXFLyQGHODFRQGXFWLYLGDGDODHQWUDGD\DOD
VDOLGDGHOUHDFWRUHOHFWURTXtPLFRGHIRUPDFRQWLQXD
SRU PHGLR GH GRV FRQGXFWtPHWURV (O ÀXLGR GH
WUDEDMR HV VXPLQLVWUDGR DO UHDFWRU PHGLDQWH XQD
ERPEDFRQÀXMRGHDLUHGHP/PLQ
III. RESULTADOS
3DUD HVWXGLDU HO FRPSRUWDPLHQWR KLGURGLQiPLFR
GHO UHDFWRU HOHFWURTXtPLFR VH GHWHUPLQy OD
GLVWULEXFLyQ GH WLHPSRV GH UHVLGHQFLD '75
UHJLVWUiQGRVHODYDULDFLyQGHODFRQGXFWLYLGDGHQ
IXQFLyQ GHO WLHPSR WDQWR D OD HQWUDGD FRPR D OD
VDOLGDGHOUHDFWRU
(Q OD )LJ  VH UHSUHVHQWD OD HYROXFLyQ GH OD
FRQGXFWLYLGDGDODHQWUDGD\DODVDOLGDGHOUHDFWRU
UHVSHFWR DO WLHPSRSDUD ORVGDWRV H[SHULPHQWDOHV
REWHQLGRV FRQVLGHUiQGRVH XQ LPSXOVR QRUPDO
7DQWRODFXUYDDODHQWUDGDFRPRDODVDOLGDWLHQHQ
IRUPD JDXVVLDQD \ QR VRQ VLPpWULFDV /D FXUYD
FRUUHVSRQGLHQWH D OD VDOLGD HV PHQRV VLPpWULFD
TXH ODGH ODHQWUDGDSUHVHQWDQGRXQD OLJHUDFROD
LQGLFDWLYD GH TXH GHQWUR GHO UHDFWRU VH SURGXFH
XQHYLGHQWHJUDGRGHGLVSHUVLyQ\GHTXHH[LVWHQ
]RQDVPXHUWDVRHVWDQFDGDV>@$GLFLRQDOPHQWH
SXHGH FRQFOXLUVH TXH QR H[LVWHQ IHQyPHQRV GH
UHFLUFXODFLyQ LQWHUQD DO REWHQHUVH XQ ~QLFR SLFR
DODVDOLGD
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3DUD GHVDUUROODU XQ PRGHOR GHO FRPSRUWDPLHQWR
KLGURGLQiPLFR GHO UHDFWRU HOHFWURTXtPLFR \
HVWLPDU VXV SDUiPHWURV FDUDFWHUtVWLFRV VH HYDOXy
OD FRQGXFWLYLGDG QRUPDOL]DGD WDQWR D OD HQWUDGD
FRPRDODVDOLGDFDOFXODGDVHJ~QODH[SUHVLyQ
    
'RQGHOHVHOYDORUGHODFRQGXFWLYLGDGDODHQWUDGD
RDODVDOLGDHQFXDOTXLHULQVWDQWH\OHVHOYDORUGHODFRQGXFWLYLGDGLQLFLDOGHODVROXFLyQ2SHUDQGR
GHHVWDIRUPDODFXUYDGHVDOLGDVHFRUUHVSRQGHUi
FRQODFXUYD(RFXUYDGHGLVWULEXFLyQGHWLHPSRV
GHUHVLGHQFLDGHDFXHUGRFRQODH[SUHVLyQ
     
(Q OD )LJ  VH UHSUHVHQWD OD HYROXFLyQ GH OD
FRQGXFWLYLGDG QRUPDOL]DGD D OD HQWUDGD \ D OD
VDOLGDGHOUHDFWRUFDOFXODGDDSDUWLUGHORVGDWRVGH
OD)LJDSOLFDQGRODH[SUHVLyQ/DIRUPDGH
HVWDVFXUYDVHVVLPLODUDODVTXHVHSUHVHQWDHQOD
)LJFRQODGLIHUHQFLDGHTXHHOiUHDTXHKD\SRU
GHEDMRGHFDGDXQDGHHOODVHTXLYDOHDODXQLGDG
(QFXDOTXLHUDGHORVGRVFDVRVGHGLVSHUVLyQJUDQGH
RSHTXHxDSDUDHOFRPSRUWDPLHQWRKLGURGLQiPLFR
GHO UHDFWRU HV QHFHVDULR GHWHUPLQDU HO WLHPSR
Fig. 2.9DULDFLyQGHODFRQGXFWLYLGDGFRQUHVSHFWRDOWLHPSRDODHQWUDGD\DOD
VDOLGDGHOUHDFWRUHOHFWURTXtPLFRSURSXHVWR
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Fig. 3. 9DULDFLyQGHODFRQGXFWLYLGDGQRUPDOL]DGD
FRQHOWLHPSRDODHQWUDGD\DODVDOLGDGHOUHDFWRU
HOHFWURTXtPLFRSURSXHVWR
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 HV DQiORJR DO LQYHUVR GHO Q~PHUR GH 3pFOHW
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 Z HV OD SRVLFLyQ
GH OD VROXFLyQ HQ FXDOTXLHU LQVWDQWH W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GHUHVLGHQFLDHQV/HV OD ORQJLWXGFDUDFWHUtVWLFD
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DHVHOFRH¿FLHQWH
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
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TXHH[LVWDQ]RQDVPXHUWDVGHQWURGHOUHDFWRU
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WHQLHQGRHQFXHQWDVXUpJLPHQGHÀXMRHOFXDOSXHGHVHU
HVFDODGRDQLYHOGHSODQWDSLORWRHLQGXVWULDOUHYHODQGR
OD LPSRUWDQFLD TXH WLHQH HO HVWXGLR KLGURGLQiPLFR
FRPRKHUUDPLHQWDFODYHHQVXGLVHxR
&RQ EDVH HQ HVWRV UHVXOWDGRV OR TXH VLJXH HV
FRQWLQXDUHOHVWXGLRGHODUHFXSHUDFLyQLQGLYLGXDO
GH*D,Q\6E±HOHPHQWRVFRQWHQLGRVHQODDOHDFLyQ
UHPDQHQWHGHULYDGDGHOSURFHVRGHIDEULFDFLyQGH
SHOtFXODVVHPLFRQGXFWRUDVSRU OD WpFQLFDHSLWD[LD
HQIDVH OtTXLGDGHO ODERUDWRULRGHRSWRHOHFWUyQLFD
D¿OLDGR D OD 8QLYHUVLGDG GHO 4XLQGtR±PHGLDQWH
OD UHGXFFLyQ D HVWDGR PHWiOLFR GLUHFWDPHQWH HQ
XQFiWRGRGHJUD¿WRGHO UHDFWRUHOHFWURTXtPLFRD
EDMRFRQVXPRHQHUJpWLFR\WLHPSRVGHGHSRVLFLyQ
FRUWRV IDFWRUHV FRQYHQLHQWHV SDUD XQ SRVWHULRU
GHVDUUROORLQGXVWULDO
0
1
2
3
4
5
6
0 0.2 0.4 0.6 0.8 1
t (min)
O snorm
Fig. 4. 9DULDFLyQGHODFRQGXFWLYLGDGQRUPDOL]DGDFRQHOWLHPSRDODVDOLGDGHOUHDFWRU&XUYD(
REFERENCIAS
>@&$:DQJ+.&KRL6/5DQVRPet al.
³+LJKTXDQWXPHI¿FLHQF\H9*D,Q$V6E
*D6E WKHUPRSKRWRYROWDLF GHYLFHV´ Appl. 
Phys. Lett.9ROSS-XO\
>@<XDQ 7LDQ 7LDQPLQJ =KRX %DROLQ =KDQJ
et al. ³(IIHFW RIPDWHULDO SDUDPHWHUV RQ WKH
TXDQWXP HI¿FLHQF\ RI*D,Q$V6E GHWHFWRUV´
Solid State Electronics9ROSS
0DUFK
>@0-&KHUQJ+5-HQ&$/DUVHQet al.
³0293( JURZWK RI *D,Q$V6E´ J. Cryst. 
Growth 9RO  SS  6HSWHPEHU

>@2 0DGHOXQJ XQG 0 6FKXO] Intrinsische 
Eigenschaften von Elemen der IV. Gruppe und 
III-V, II-VI und I-VII Verbindungen %HUOLQ
'HXWVFKODQG6SULQJHU9HUODJ
>@0/HYLQVKWHLQ65XP\DQWVHYDQG06KXUW
(GLWRUVHandbook series on Semiconductor 
Parameters 9ROXPH  7HUQDU\ DQG
4XDWHUQDU\ $% 6HPLFRQGXFWRUV 86$
t (min)
42 -  CEDEC
Comportamiento hidrodinámico de un reactor electroquímico para recuperar residuos en la fabricación de películas semiconductoras
Revista Facultad de Ingeniería, UPTC, Enero - Junio de 2013, Vol 22, No. 34
6LQJDSRUH :RUOG 6FLHQWL¿F 3XEOLVKLQJ &R
3WH/WG
>@ (7RXUQLp-//D]]DUL)3LWDUGet al.³
ȝP *D,Q$V6E ODWWLFH-PDWFKHG WR *D6E E\
OLTXLGSKDVHHSLWD[\´J. Appl. Phys.9RO
SS-XO\
>@9 $ 0LVKXUQ\L ) GH $QGD $ <X
*RUEDWFKHY HW DO ³,Q*D$V6E JURZWK IURP
6EULFKVROXWLRQV´J. Cryst. Growth9RO
SS6HSWHPEHU
>@.6KLP+5DELW]DQG3'XWWD³%DQGJDS
and lattice constant of Ga
x
,Q[$Vy6E\´ J. 
Appl. Phys. 9RO  SS  'HF

>@.4LX$&6+D\GHQ0*0DXNet al.
³*HQHUDWLRQ RI HOHFWULFLW\ XVLQJ ,Q*D$V6E
DQG *D6E 739 FHOOV LQ FRPEXVWLRQ GULYHQ
UDGLDQWVRXUFHV´6RODU(QHUJ\0DWHULDOVDQG
6RODUFHOOV9ROSS-DQXDU\
>@. 5|QHU 0 +PPHU $ %HQNHUW
et al. ³/RQJZDYHOHQJWK *D,Q$V6E
$O*D$V6E ')% ODVHUV HPLWWLQJ QHDU 
ȝP´ 3K\VLFD ( /RZGLPHQVLRQDO 6\VWHPV
DQG 1DQRVWUXFWXUHV 9RO  SS 
'HFHPEHU
>@/&HUXWWL*%RLVVLHU3*UHFKHWDO³*URZWK
DQG FKDUDFWHUL]DWLRQ RI *D,Q6E*D,Q$V6E
KROHZHOOODVHUGLRGHVHPLWWLQJQHDUȝP´
J. Cryst. Growth9ROXPHVSS
$SULO
>@0DUtQ0XxR])UHG+3ROODN0%=DNLDHW
DO ³7HPSHUDWXUH GHSHQGHQFH RI WKH HQHUJ\
DQGEURDGHQLQJSDUDPHWHURIWKHIXQGDPHQWDO
EDQGJDSRI*D6EDQG*D[,Qx$Vy6E\*D6Ea[aa\aTXDWHUQDU\
DOOR\VXVLQJLQIUDUHGSKRWRUHÀHFWDQFH´Phys. 
Rev. B9ROSS'HFHPEHU

>@ &$ :DQJ + . &KRL '& 2DNOH\
HW DO ³5HFHQW SURJUHVV LQ *D,Q$V6E
WKHUPRSKRWRYROWDLFVJURZQE\RUJDQRPHWDOOLF
YDSRUSKDVHHSLWD[\´J. Cryst. Growth9RO
SS'HFHPEHU
>@ + $UL]D ³)DEULFDFLyQ \ FDUDFWHUL]DFLyQ
ySWLFD GH PDWHULDOHV VHPLFRQGXFWRUHV SDUD
DSOLFDFLRQHV HQ RSWRHOHFWUyQLFD´ Rev. 
Acad. Colomb. Cienc.9RO  SS 
6HSWLHPEUH
>@9$)HGRURY6$.R]ORY1$3RWRORNRY
et al. ³3UHSDUDWLRQ RI +LJK3XULW\ *DOOLXP
IURP 6HPLFRQGXFWRU )DEULFDWLRQ :DVWH´
Inorganic Materials 9RO  SS 6±6
'HFHPEHU
>@==KDR<<KDJ<;LDRet al.³5HFRYHU\
RI JDOOLXP IURP %D\HU OLTXRU $ UHYLHZ´
+\GURPHWDOOXUJ\9ROSS
$XJXVW
>@5'RULQDQG(-)UD]HU³7KHHOHFWURGHSRVLWLRQ
RI JDOOLXP IURP V\QWKHWLF %D\HUSURFHVV
OLTXRUV´ J. Appl. Electrochemistry 9RO 
SS-DQXDU\
>@$*0XxR]6%6DLGPDQDQG-%%HVVRQH
³(OHFWURGHSRVLWLRQRI=QDQG,QRQWRYLWUHRXV
FDUERQ´ J. Appl. Electrochemistry 9RO 
SS1RYHPEHU
>@5.,\HUDQG6*'HVKSDQGH³3UHSDUDWLRQ
RIKLJKSXULW\DQWLPRQ\E\(OHFWURGHSRVLWLRQ´
J. Appl. Electrochemistry 9RO  SS 
0D\
>@ ) & :DOVK ³(OHFWURFKHPLFDO WHFKQRORJ\
IRUHQYLURQPHQWDOWUHDWPHQWDQGFOHDQHQHUJ\
FRQYHUVLRQ´Pure Appl. Chem.9RO  SS
±$SULO
>@ ' 3OHWFKHU DQG ) & :DOVK Industrial 
Electrochemistry 6HFRQG (GLWLRQ /RQGRQ
(QJODQG&KDSPDQDQG+DOO
>@)&:DOVKA First Course in Electrochemical 
Engineering /RQGRQ (QJODQG 5RPVH\
(OHFWURFKHPLFDO&RQVXOWDQF\
>@ . -WWQHU 8 *DOOD DQG + 6FKPLHGHU
³(OHFWURFKHPLFDO DSSURDFKHV WR
HQYLURQPHQWDO SUREOHPV LQ WKH SURFHVV
LQGXVWU\´Electrochimica Acta 9RO  SS
±-DQXDU\
43-  CEDEC
Luis Adrián Echeverri Holguín  -  Henry Reyes Pineda
Revista Facultad de Ingeniería, UPTC, Enero - Junio de 2013, Vol 22, No. 34
>@ 3 .LGGHH 5 1DLGX DQG 0 + :RQJ
³(OHFWURQLF ZDVWH PDQDJHPHQW DSSURDFKHV
$Q RYHUYLHZ 5HYLHZ´Waste Management, 
9ROSS0D\
>@ / 5 3 $QGUDGH /LPD ³/LTXLG D[LDO
GLVSHUVLRQ DQG KROGXS LQ FROXPQ OHDFKLQJ´
Minerals Engineering 9RO  SS 
-DQXDU\
>@ + 6FRWW )RJOHU Elements of Chemical 
Reaction Engineering7KLUG(GLWLRQSS
1HZ -HUVH\ 86$ 3UHQWLFH +DOO ,QF QRZ
NQRZQDV3HDUVRQ(GXFDWLRQ,QF
>@ 9 3pUH]+HUUDQ] -/ *XLxyQ - *DUFtD
$QWyQ et al. ³5HJHQHUDWLRQ RI HWFKLQJ
VROXWLRQV XVLQJ HOHFWURFKHPLFDO UHDFWRUV
SURYLGHG´ WK ,QWHUQDWLRQDO &RQJUHVV RI
&KHPLFDO DQG 3URFHVV (QJLQHHULQJ &+,6$
3UDJXH&]HFK5HSXEOLF SS 3URFHVV
(QJLQHHULQJ 3XEOLVKHU QG±WK $XJXVW

>@ / 6]S\UNRZLF] 5 &KHUEDQVNL DQG *
.HOVDOO ³+\GURG\QDPLF (IIHFWV RQ WKH
3HUIRUPDQFH RI DQ (OHFWURFKHPLFDO 5HDFWRU
IRU'HVWUXFWLRQRI'LVSHUVH'\HV´Ind. Eng. 
Chem. Res.9ROSS)HEUXDU\

>@2/HYHQVSLHOChemical reaction engineering
7KLUG(GLWLRQSS1HZ<RUN86$(G
-RKQ:LOH\DQG6RQV
>@ ( 7\UW\VKQLNRY A brief introduction to 
numerical analysisSS0RVFRZ5XVVLD
(G%LUNKlXVHU%RVWRQ-XO\
